We studied End-Stage Renal Disease (ESRD) 
| INTRODUC TI ON
In recent years, awareness has increased about long-term risks for living kidney donors (LKDs). The procedure, once believed to confer minimal surgical and long-term risks, needs additional study to assess longerterm risk for donors. [1] [2] [3] [4] [5] With increasing numbers of LKDs needing a kidney transplant after donating-currently [45] [46] [47] [48] [49] [50] LKDs are added to the Organ Procurement and Transplantation Network (OPTN) kidney
waiting list each year 6 -this issue has become critically important.
In addition to the small perioperative risks of donation [7] [8] [9] [10] and mixed evidence for longer-term mortality, 3, 7, 11 there is new awareness of increased risk of nonrenal morbidity for LKDs. 2, 5 Understandably, however, the largest focus has been on postdonation kidney function, with recent studies finding an increase in risk of
End-Stage Renal Disease (ESRD) among LKDs relative to comparably healthy nondonors. 3, 4 The existing body of evidence, while finding slightly different results in different cohorts, has identified predonation risk factors associated with higher rates of ESRD in LKDs: black or African American race, male sex, biological relatedness to recipient, and older age, blood pressure, obesity, and eGFR (estimated glomerular filtration rate) at donation. 1, 3, 4, [12] [13] [14] [15] [16] [17] Despite important contributions of previous research, questions remain about long-term risks of donation and how to best counsel potential LKDs. Numerous studies 4, [12] [13] [14] [15] [16] [17] [18] [19] have found a relationship between race and risk of ESRD among LKDs, but the mechanisms responsible remain unclear. Despite evidence regarding the role of APOL1 as a risk factor in people of African descent, [20] [21] [22] [23] [24] [25] disparities in access to health care among racial minorities in the United States 26 raise the question of whether differences are explained primarily by genetic factors 27, 28 or also by other factors, such as socioeconomic status (SES). Garg and colleagues found that lower income was associated with higher risk of death or first major cardiovascular event for a cohort of mostly white LKDs, 11 and Lentine and colleagues investigated the role of SES on donor outcomes and found no significant associations, but cohort limitations likely limited the effect of SES. 16, 17 An issue intertwined with race in previous research is age at donation. Several studies have found associations between older age at donation and greater risk of ESRD for at least some donors. 
| MATERIAL S AND ME THODS

| Cohort
This was a retrospective observational study examining the association between characteristics at donation and development of ESRD 
| Measures
Transplant programs submit donor characteristics and clinical data on the OPTN Living Donor Registration form (LDR) at donation: sex, age, body mass index (BMI), preoperative blood pressure, race, and relationship to recipient. eGFR was calculated from preoperative serum creatinine using the CKD-EPI equation. 36 Asian, American Indian/Alaskan Native, Native Hawaiian/Pacific Islander, and multiracial races were grouped as "other."
The OPTN does not collect data on donor income, and other proxies for SES, such as level of education, were not collected for donations before October 1999. As a result, we approximated donor SES as median neighborhood income at donation by linking home ZIP code at time of donation with ZIP code level median family income data from the 2010 Census.
37
Time from donation to ESRD was calculated using donation date and the earliest of the following: date the patient began maintenance dialysis, listing date, or transplant date. The data were death censored at date of death via the SSDMF. Otherwise, observation time was censored at September 30, 2016.
| Statistical analyses
Cumulative incidence was calculated from the Kaplan-Meier estimate of the survival function, both overall and for subsets of the cohort. We fit a Cox proportional hazards model to predict risk of ESRD in LKDs, adjusting for preselected characteristics at donation including age, sex, race, neighborhood income, relationship to recipient, BMI, eGFR, preoperative systolic blood pressure, and an interaction between age and race. This model was used to estimate adjusted hazard ratios (aHR), as well as absolute risk for select hypothetical donors.
Several covariates were not collected for the entire study period, and thus are missing for some donors. ZIP code at donation-and subsequently neighborhood income at donation-was missing for 5% of the cohort. Other factors with missing data were not collected on the LDR until 1999, and included BMI (22% missing), serum creatinine (18% missing), and systolic blood pressure (25% missing). Multiple imputation was done using Moons' methodology 38 with 50 iterations. 39 Because missingness for these values was dependent upon when the donor donated, donation date was included in imputation in addition to the covariates used in the Cox model. Donor insurance type was also included in the imputation process to assist the imputation of neighborhood income.
While our cohort included 123 526 LKDs, only 218 ESRD cases were identified, which limited the number and functional form of the covariates we could include in the model. We examined martingale residuals 40 to determine appropriate functional forms for continuous variables. BMI, eGFR, and preoperative systolic blood pressure were included as linear terms based on these results, while neighborhood income was included as a linear spline with 1 knot at the median. The main effect for age at donation was included as a linear term, along with its interaction with donor race.
Analyses were performed using R version 3.3.2 41 and associated software packages.
42-52. Table 1 ).
| RE SULTS
The 30.5; Figure 1D ). This univariate association between neighborhood income and risk of ESRD was found for white, black, and other race donors, but not for Hispanic donors (Figure 2 ). Risk increased exponentially over time, especially for the groups at highest risk.
| Multivariable analyses
The C-statistic for the model was 0.74. As expected, we found a number of statistically significant predictors of ESRD within the first 20 years after donation ( There were also associations between age at donation and 20-year risk of ESRD, with a statistically significant interaction between age and race (P = .003). There was a significant positive association between age at donation and risk of ESRD (ie, higher risk with older age at donation) for white donors (aHR: 1.26 per decade of life; 95%CI: 1.04-1.54; Figure 4A ). In contrast, we found a significant negative association between age at donation and risk 
| Absolute risk
We calculated the predicted absolute risk over 5-, 10-, 15-, and 20-year time horizons for LKDs based on age, race, and sex ( Figure 6 ).
Risk varies widely among subgroups of LKDs. With other factors set
to the median or reference value, a 20-year-old white female LKD has a predicted 20-year ESRD risk of 8 per 10 000, compared to 111 per 10 000 for a 20-year-old black male LKD. We found higher absolute 20-year risk of ESRD at younger ages of donation for black LKDs and higher risk at older ages of donation for white LKDs. Risk increased exponentially over time after donation. When they donated at age 60, risks were nearly identical between black and white male LKDs and between black and white female LKDs. Several of our results support findings of past research conducted with other cohorts, including concern about high BMI at donation, a modifiable risk factor, 12, 14 and donor sex, with male donors being at greater risk. 4, [12] [13] [14] [15] 53 We have also expanded on others' findings, including the interaction between age at donation and race found in prior research. 14 We confirmed that older age was a significant predictor of 20-year ESRD risk for white donors, but also found a significant association between younger age at donation and greater 20-year risk of ESRD for black donors. Steiner asserts that some younger donors, and black donors in particular, have a higher lifetime risk of ESRD than donors who donate at older ages; and this is the first study to show such a trend exists within the first 2 decades after donation. 29, 30, 32 The lack of higher risk for older black donors may be because development of clinically identifiable renal disease in susceptible black individuals is likely to have occurred by age 50 or 60, precluding donation. 14, 54 Our findings suggest additional screening and consent procedures may be warranted for younger black potential donors, 55 keeping in mind that more stringent standards could increase disparities in access to transplantation or cause harm to rejected potential donors. [56] [57] [58] Although previous research has documented familial clustering of ESRD in the population, 28, 59 and donors' relationship to their recipient has predicted ESRD in past research, no research on LKDs to date has studied donor risk by type of relative (eg, sibling vs parent). 1, 4, 12, 14 Our study examines such differences in risk, and as ex- One of the most important strengths of our study is excellent ascertainment of postdonation ESRD and death. Aside from rare cases that developed in another country or resulted in death before a CMS Form 2728 was submitted, we have complete and unbiased ESRD data for our cohort. Our decision to limit our cohort 
| D ISCUSS I ON
15,61
Another limitation is the use of ZIP code-level median income data as a proxy for donor SES. Donor-level income data would be a better measure of SES. A final limitation is the assessment of donor race, which was reported by transplant programs to the OPTN and may be based on self-report by donors or staff assessment of a donor's background.
Our results confirm that while 20-year risk of ESRD is low for 
